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ABSTRACT
We have detected bright HC7N J = 21 − 20 emission toward multiple locations
in the Serpens South cluster-forming region using the K-Band Focal Plane Array
at the Robert C. Byrd Green Bank Telescope. HC7N is seen primarily toward cold
filamentary structures that have yet to form stars, largely avoiding the dense gas as-
sociated with small protostellar groups and the main central cluster of Serpens South.
Where detected, the HC7N abundances are similar to those found in other nearby star-
forming regions. Toward some HC7N ‘clumps’, we find consistent variations in the line
centroids relative to NH3 (1,1) emission, as well as systematic increases in the HC7N
non-thermal line widths, which we argue reveal infall motions onto dense filaments
within Serpens South with minimum mass accretion rates of M ∼ 2 − 5 M⊙ Myr
−1.
The relative abundance of NH3 to HC7N suggests that the HC7N is tracing gas that
has been at densities n ∼ 104 cm−3 for timescales t . 1 − 2 × 105 yr. Since HC7N
emission peaks are rarely co-located with those of either NH3 or continuum, it is likely
that Serpens South is not particularly remarkable in its abundance of HC7N, but in-
stead the serendipitous mapping of HC7N simultaneously with NH3 has allowed us
to detect HC7N at low abundances in regions where it otherwise may not have been
looked for. This result extends the known star-forming regions containing significant
HC7N emission from typically quiescent regions, like the Taurus molecular cloud, to
more complex, active environments.
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1 INTRODUCTION
Cyanopolyynes are carbon-chain molecules of the form
HC2n+1N. At higher n, these molecules are among the
longest and heaviest molecules found in the interstellar
medium, and to date have been primarily seen toward sev-
eral nearby, low-mass star-forming regions, and in the at-
mospheres of AGB stars (Winnewisser & Walmsley 1978).
For example, cyanohexatriyne (HC7N) has been detected
toward several starless and protostellar cores within the
Taurus molecular cloud (Kroto et al. 1978; Snell et al. 1981;
Cernicharo et al. 1986; Olano et al. 1988; Sakai et al. 2008)
⋆ E-mail:friesen@di.utoronto.ca
and more recently in Lupus (Sakai et al. 2010), Cepheus
(Cordiner et al. 2011) and Chamaeleon (Cordiner et al.
2012). The long cyanopolyynes are interesting for several
reasons. They are organic species, and their abundance in
star-forming regions raises questions about whether they
are able to persist in the gas phase or on dust grains as
star formation progresses, for example, in the disk around
a protostar. While excited at temperatures and densities
typical of star-forming regions, to form in high abundances
cyanopolyynes require the presence of reactive carbon in the
gas phase. In addition, the high abundances of long (n > 3)
cyanopolyynes in regions like Taurus can be best explained
by chemical reaction networks containing molecular anions
like C6H
− (Walsh et al. 2009), which have only recently
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been discovered in the interstellar medium (McCarthy et al.
2006; Gupta et al. 2007; Cordiner et al. 2013). Species like
HC7N are thus expected to be abundant in star-forming
regions where atomic carbon is not yet entirely locked up
in CO, and to then deplete rapidly from the gas phase
as the rates of destructive ion-molecule reactions dominate
over formation reactions due to the depletion of atomic
carbon. Consequently, measurements of the abundances of
cyanopolyynes of several lengths, e.g., HC3N, HC5N, and
HC7N, could be used as a probe of age in molecular cloud
cores (Stahler 1984). Here, we present the serendipitous dis-
covery of multiple HC7N ‘clumps’ within the young, cluster-
forming Serpens South region within the Aquila rift. This is
the first detection of HC7N in the Aquila rift, and also the
first detection of HC7N in an active, cluster-forming envi-
ronment.
Serpens South is a star-forming region, associated in
projection with the Aquila Rift, that contains a bright,
young protostellar cluster (the Serpens South Cluster, or
SSC) embedded within a hub-filament type formation of
dense gas seen in absorption against the infrared back-
ground (Gutermuth et al. 2008). The cluster’s large stel-
lar density (> 430 stars pc−2), relatively high cluster mem-
bership (48 young stellar objects, or YSOs, in the cluster,
and 43 more along the filaments) and unusually high frac-
tion (77%) of Class I protostars among its YSOs are all
evidence that star formation in the SSC has likely only
very recently begun (e.g., within (2 ± 1) × 105 yr), and
that the star formation rate is high in the cluster core
(∼ 90M⊙Myr
−1, Gutermuth et al. 2008). The dense gas
filaments to the north and south have lower star formation
efficiencies (∼ 30% vs. ∼ 5%), with an average SFR ∼
23 M⊙ Myr
−1 pc−2 over the entire complex (Maury et al.
2011). Near-infrared polarimetry suggests the magnetic field
in the region is coherent over the entire structure of dense
gas, with field lines largely perpendicular to the main gas
filament (Sugitani et al. 2011). Recently, Kirk et al. (2013)
found evidence for accretion flows both onto and along one
of the filaments at rates that are comparable to the current
star formation rate in the central cluster.
The distance to the SSC is currently debated. Serpens
South lies within the highest extinction region along the
Aquila Rift (mid-cloud distance d ∼ 270 pc; Straizˇys et al.
2003), and is close in projection to the W40 OB associa-
tion. The Serpens Main star-forming region lies 3◦ to the
north. Local standard of rest (LSR) velocities are similar
within all three objects. Recent VLBA parallax measure-
ments, however, have shown that a YSO associated with
Serpens Main is more distant than the Rift (d = 415± 5 pc;
Dzib et al. 2010), while distance estimates to W40 range
from d ∼ 300 pc to d ∼ 900 pc [cite]. Through a comparison
of the x-ray luminosity function of the young cluster power-
ing the W40 HII region with the Orion cluster, Kuhn et al.
(2010) put W40 at a best-fit distance of ∼ 600 pc, but do
not rule out a smaller value. In contrast, the Herschel Gould
Belt Survey assumed both the SSC and W40 are 260 pc dis-
tant (Andre´ et al. 2010; Bontemps et al. 2010). Maury et al.
(2011) also argue that the SSC and W40 are at the same
distance, citing their location within the same visual extinc-
tion feature presented by Bontemps et al. (2010), and their
similar velocities that span a continuum in vLSR between
4 kms−1 and 10 km s−1. The authors further suggest that
the location of Serpens Main within a separate extinction
feature, and its larger derived distance, may indicate that
Serpens Main is behind the Aquila Rift (and hence the SSC
and W40). In this work, we assume a distance of 260 pc to
Serpens South to compare more readily with published re-
sults, but also discuss the implications of a larger distance
on our analysis.
We have performed observations of the NH3 (1,1) and
(2,2) inversion transitions, and simultaneously the HC7N
J = 21 − 20 rotational transition, toward the SSC and as-
sociated molecular gas using the 7-element K-band Focal
Plane Array (KFPA) at the Robert C. Byrd Green Bank
Telescope (GBT) in shared-risk observing time. In this pa-
per, we show remarkable detections of abundant HC7N to-
ward multiple locations within the cluster-forming region,
and present initial analysis of the NH3 emission with re-
spect to the HC7N detections. In a future paper, we will
present the NH3 data in more detail. In §2, we describe the
observations and data reduction, and present the molecu-
lar line maps and spectra in §3. In §4, we show that sys-
tematic variations in the non-thermal line widths between
HC7N and NH3, as well as the presence of coherent veloc-
ity gradients in the HC7N emission, suggest that the HC7N
is largely tracing material recently accreted onto dense fila-
ments and cores in Serpens South. In addition, we determine
relative abundances of HC7N and NH3 that are consistent
with chemically ‘young’ gas. We summarize our results in
§5.
2 OBSERVATIONS
Observations of the NH3 (J,K) = (1,1) and (2,2) inversion
transitions (rest frequencies of 23.694 GHz and 23.723 GHz,
respectively) and the HC7N J = 21 − 20 rotational line
(23.68789GHz; Kroto et al. 1978) toward the Serpens South
region were performed using the KFPA at the GBT between
November 2010 and April 2011 in shared risk time. The total
map extent is approximately 30′ by 31′, or 2.3 pc × 2.3 pc
assuming a distance of 260 pc to Serpens South, with an an-
gular resolution of ∼ 32′′ (FWHM) or 0.04 pc. The mapped
region is outlined in yellow in Figure 1, over a three-colour
(RGB) Spitzer image (blue - 3.6µm; green - 4.5µm; red -
8µm) of the Serpens South protocluster and its surround-
ings (Gutermuth et al. 2008). The GBT spectrometer was
used as the backend. We centred the first 50 MHz IF, which
was observed with all seven beams, such that both the NH3
(1,1) and (2,2) and the HC7N J = 21 − 20 emission lines
were within the band. A second 50 MHz IF was centered on
the NH3 (3,3) line and was observed with a single beam.
The NH3 (3,3) data will be discussed in a future paper.
Each IF contained 4096 channels with 12.2 kHz frequency
resolution, or 0.15 kms−1 at 23.7 GHz.
Since the telescope scan rate is limited by the rate at
which data can be dumped at the GBT (where data must be
dumped every 13′′ to ensure Nyquist sampling at 23GHz),
the large map was split into ten sub-maps which were ob-
served multiple times each. Each sub-map was made by scan-
ning the array in rows in right ascension (R. A.), spacing
subsequent scans by 13′′ in declination (Decl.). The sub-
maps have similar sensitivity, although weather variations
between different observing dates ensured some spread in
c© 0000 RAS, MNRAS 000, 000–000
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Figure 1. Spitzer RGB (8µm, 4.5µm, 3.6µm) image of the Serpens South protocluster (Gutermuth et al. 2008). White contours show
integrated HC7N J = 21−20 emission at 0.15 K km s−1 (4 σ), 0.3 K km s−1, 0.6 K km s−1, 0.9 K km s−1, and 1.2 K km s−1. Individual
HC7N emission peaks discussed in the text are labeled. The physical scale assuming d = 260 pc is shown. Yellow contours show the map
extent where the rms noise per velocity channel of width 0.15 km s−1 is σ < 0.1 K.
the rms noise between sub-maps (see below). The data were
taken in position-switching mode, with a common off po-
sition (R.A. 18:29:18, Decl. -2:08:00) that was checked for
emission to the TMB ∼ 0.1K level in the NH3 (1,1) transi-
tion.
The data were reduced and imaged using the GBT
KFPA data reduction pipeline (version 1.0) and calibrated
to TMB units, with the additional input of relative gain fac-
tors for each of the beams and polarizations derived from
standard observations (listed in Table 1). The absolute cal-
ibration accuracy is estimated to be ∼ 10 %. The data were
then gridded to 13′′ pixels in AIPS. Baselines were fit with
a second order polynomial. The mean rms noise in the off-
line channels of the resulting NH3 (1,1), (2,2), and HC7N
data cubes is 0.06K per 0.15 km s−1 velocity channel, with
higher values (∼ 0.1K) near the map edges where fewer
beams overlapped. In general, the noise in the map is con-
sistent, with a 1-σ variation of 0.01 K in the region where
all the KFPA beams overlap.
c© 0000 RAS, MNRAS 000, 000–000
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Table 1. KFPA Beam Gains
Beams
Obs Date Polarization 1 2 3 4 5 6 7
2010 Sep − 2011 Jana LL 1.815 1.756 1.958 1.882 2.209 2.145 2.524
RR 2.008 1.842 1.947 2.00 2.167 2.145 2.446
2011 Mar − 2011 Aprb LL 1.631 1.578 1.756 1.692 1.985 1.933 2.268
RR 1.805 1.655 1.749 2.00 1.948 1.927 2.198
a GBT Memo #273; https://safe.nrao.edu/wiki/pub/GB/Knowledge/GBTMemos/GBTMemo273-11Feb25.pdf
b G. Langston, private communication
3 RESULTS
We show in Figure 1 the HC7N J = 21 − 20 integrated
intensity overlaid as contours over the Spitzer RGB image.
We find significant HC7N emission toward multiple regions
in Serpens South. Individual HC7N peaks are labeled 1
through 7 in order of decreasing peak line brightness tem-
perature, with adjacent, potentially-connected sources iden-
tified as, e.g., 1a and 1b, while the emission associated with
the protostellar cluster itself is labeled SSC. Contours begin
at 4-σ (0.15Kkm s−1). We list in Table 2 the R. A. and Decl.
of the location of peak line brightness toward each clump
identified in Figure 1, along with the peak line brightness in
TMB .
The strongest and most extended HC7N emission fol-
lows the dark 8µm absorption feature that runs north of
the central protocluster, and separates into two HC7N in-
tegrated intensity maxima (clumps 1a and 1b). A small
HC7N clump is seen in the east (clump 2), with rela-
tively bright (∼ 1K) emission and very narrow line widths
(∼ 0.18 kms−1). In the west, HC7N forms a filament-like
feature with peak line strengths of ∼ 0.5 − 0.8K (clumps
3a, 3b, 4a, and 4b). Similar line strengths are also found in
the extended HC7N feature to the north (clump 5). Sev-
eral additional HC7N detections are found toward the dark,
narrow filament extending south-east of the central proto-
cluster (clumps 7a and 7b), and toward some 8µm absorp-
tion features in the north-east. While not shown, NH3 is
detected over most of the mapped area, with strong emis-
sion correlating well with the continuum, and fainter emis-
sion extending between the filaments. Small offsets between
the NH3 and continuum emission peaks are present toward
some locations, as seen previously in NH3 studies of other
star-forming regions (Friesen et al. 2009).
Figures 2 and 3 show in greater detail the HC7N de-
tections relative to both the thermal continuum emission
from dust (500 µm emission from the Herschel SPIRE in-
strument at 36′′ angular resolution, taken with the Herschel
Gould Belt survey; Andre´ et al. 2010) and NH3 integrated
intensity (dark and light grey contours). Herschel images of
the dust continuum toward Serpens South are presented in
Bontemps et al. (2010) and Ko¨nyves et al. (2010). We also
show the locations of Spitzer-identified Class 0 and Class I
protostars (Gutermuth et al., in preparation; based on the
identification and classification system in Gutermuth et al.
2009). Strikingly, HC7N emission strongly avoids regions
with numerous protostars, with the exception of a faint in-
tegrated intensity peak toward the SSC itself (labeled SSC).
Few protostars are seen within the HC7N contours, includ-
ing toward the SSC. Interestingly, HC7N is also not detected
toward multiple dark features in Serpens South with no em-
bedded sources.
Figures 2 and 3 clearly show variations in the distribu-
tion of HC7N emission and structures traced by both NH3
and the dust, with some spatial correspondence between all
three species at low emission levels, but with emission peaks
that are often distinctly offset from each other. For example,
HC7N clumps 1a and 1b lie directly to the north and south
of a filamentary ridge that is one of the strongest features in
both the NH3 and continuum maps outside of the central
cluster. HC7N clump 2 shows the best correlation between
HC7N, dust, and NH3 emission. HC7N clumps 3a, 3b, 4a,
and 4b all follow a faint filamentary dust structure west.
The 4a and 4b peaks are offset to the east of the structure
delineated by the continuum emission, while the HC7N and
NH3 emission contours overlap at low levels. HC7N clump 5
shows an elongated structure that runs between two NH3 in-
tegrated intensity maxima, themselves within an elongated
continuum structure. Two integrated intensity maxima, la-
beled as HC7N clump 6, bracket an NH3 peak that also
follows the large-scale dust emission. The 7a and 7b HC7N
clumps lie along the filament extending to the south-east
from the central cluster, with emission peaks offset from
the NH3 maxima. While few maps of HC7N emission have
been published, observations toward TMC-1 show the HC7N
emission peak offset by ∼ 7′ from the NH3 emission peak
(Olano et al. 1988), while maps of HC3N show integrated
intensity peaks offset from the continuum peak in starless
cores, or the protostar location in protostellar cores (e.g.,
L1512 and L1251A, respectively Cordiner et al. 2011).
While many of the HC7N clumps are identified only by
single contours of 4σ levels in integrated intensity maps, the
detections are indeed significant. In Figure 4, we present the
HC7N spectra at the locations of peak line emission toward
each of the identified clumps.
3.1 NH3 line fitting
We simultaneously fit the NH3 (1,1) and (2,2) spectra at
each pixel in the maps with a custom Gaussian hyperfine
structure fitting routine written in IDL. The routine used
was modified from that described in detail in Friesen et al.
(2009), where the NH3 (1,1) line was fit using the full hy-
perfine analysis, while the NH3 (2,2) line was fit separately
by a single Gaussian. Here, we create model NH3 (1,1) and
(2,2) spectra given input kinetic gas temperature, TK , the
c© 0000 RAS, MNRAS 000, 000–000
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Figure 2. Herschel SPIRE 500µm dust continuum emission (greyscale; Andre´ et al. 2010) toward HC7N clumps 1a, 1b, 2, 3a, 3b, 4a,
and 4b identified in Figure 1. Overlaid are NH3 (1,1) integrated intensity contours (dark and light grey contours) and HC7N 21-20
integrated intensity contours (red, at intervals of 0.15 K km s−1, or 4 σ). The 32′′ FWHM GBT beam at 23 GHz is shown by the hashed
circle in each subplot. The Herschel beam at 500 µm is 36′′. The Herschel data are shown to illustrate the continuum features in areas
not mapped by AzTEC/ASTE at 1 mm. White crosses show Class 0 and Class I protostar locations (Gutermuth et al., in preparation).
line-of-sight (LOS) velocity relative to the local standard
of rest (LSR), vLSR , the line full-width at half maximum,
∆v, the NH3 (1,1) opacity, τ(1,1), and the excitation tem-
perature, Tex. We then perform a chi-square minimization
against the observed NH3 emission. This fitting routine is
similar to that detailed by Rosolowsky et al. (2008). The
model assumes equal excitation temperatures for the NH3
(1,1) and (2,2) lines, and for each hyperfine component. The
model spectra are created assuming the NH3 (1,1) and (2,2)
lines also have equal LOS velocities and equal Gaussian line
widths. The opacity of the (2,2) line is calculated relative to
the (1,1) line following Ho & Townes (1983). The expected
emission frequencies and emitted line fractions for the hy-
perfine components were taken from Kukolich (1967). We
additionally assume the line emission fills the beam (the
best-fit Tex will be a lower limit if the observed emission
does not entirely fill the beam).
In our analysis, we mask the fit results where the signal-
to-noise ratio, S/N < 4 in the NH3 (1,1) line for vLSR and
∆v, and mask where S/N < 5 in the NH3 (2,2) line for TK
(and consequently results that depend on TK). We find that
this cut ensures that both the NH3 (1,1) and (2,2) lines are
detected with enough S/N that the kinetic gas temperatures
are determined through the hyperfine fits to a precision of ∼
1−2K.Where two distinct NH3 components are found along
the line of sight, the routine fits the NH3 hyperfine structure
corresponding to the strongest component. In pixels where
the line strengths of both components are nearly equal, we
thus find larger returned line widths. This effect is only seen,
however, toward small areas in the map, and is not an issue
for any regions where HC7N is detected. The NH3 column
density is derived from the returned parameters following
Friesen et al. (2009).
In the following discussion, we focus only on the NH3
kinematics, column density and temperature as these prop-
erties relate to the detected HC7N emission. A detailed
study of the dense gas structure and kinematics in Serpens
South as traced by NH3 will be presented in an upcoming
paper.
3.2 HC7N line fitting
The rotational lines of HC7N exhibit quadrupole hyperfine
splitting, with line spacing approximately eqQ/4J2, where
eqQ = 4.29 MHz for HC7N (McCarthy et al. 2000). The
resulting splitting for the HC7N J = 21 − 20 transition is
∼ 2.5 kHz, and is unresolved by our spectral resolution of
c© 0000 RAS, MNRAS 000, 000–000
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Figure 3. Herschel SPIRE 500µm dust continuum emission (greyscale; Andre´ et al. 2010) toward HC7N clumps 5, 6, 7a, 7b, and SSC
identified in Figure 1. Contours show NH3 (1,1) integrated intensity as in Figure 2. The 32′′ FWHM GBT beam at 23 GHz is shown
by the hashed circle in each subplot. White crosses show Class 0 and Class I protostar locations (Gutermuth et al., in preparation).
Table 2. HC7N Emission Peak Locations
Clump ID R.A. Decl. Tpeak,MB
J2000 J2000 K
1a 18:29:57.9 -1:56:19.0 2.11
1b 18:29:57.0 -1:58:55.0 1.47
2 18:30:43.8 -2:05:51.0 1.13
3a 18:29:19.7 -1:52:25.0 0.82
3b 18:29:18.0 -1:51:20.0 0.72
4a 18:29:24.9 -1:56:32.0 0.74
4b 18:29:25.8 -1:58:03.0 0.72
5 18:29:50.9 -1:47:39.0 0.66
6 18:30:29.9 -1:53:04.0 0.40
7a 18:30:03.9 -2:04:46.0 0.36
7b 18:30:11.7 -2:06:17.0 0.33
SSC 18:30:01.3 -2:02:10.0 0.23
12 kHz. We therefore fit the HC7N emission with a single
Gaussian to determine vLSR , ∆v, and the peak amplitude of
the emission where detected with a signal-to-noise S/N > 4
across the map. Figure 4 shows the HC7N J = 21−20 spec-
tra toward the peak emission locations of the integrated in-
tensity maxima identified in Figure 1 with overlaid Gaussian
fits. Even toward the faint detections in the integrated inten-
sity map, the lines are well-fit by single Gaussians. We list
in Table 3 the mean and 1σ variation in vLSR , line width
FWHM ∆v, and peak brightness temperature, TMB , for
each HC7N clump.
Toward most of the HC7N features, we find line widths
∆v ∼ 0.4− 0.5 km s−1, which are similar to those found to-
ward several other regions. For example, HC7N line widths
toward L492 and TMC-1 are 0.56 kms−1 and 0.43 kms−1,
respectively, although at poorer angular resolution than in
this study (1′.2 and 1′.6 versus 32′′). The HC7N line in
TMC-1 was further shown to be a composite of several ve-
locity components with more narrow lines (Dickens et al.
2001). The protostellar source L1527 shows similar line
widths to those we find in Serpens South, at the same angu-
lar resolution (Sakai et al. 2008). Many previous HC7N de-
tections toward low mass starless and protostellar sources,
however, show significantly smaller line widths, with ∆v ∼
0.2− 0.3 km s−1 (e.g., Cernicharo et al. 1986).
We determine the column density from the integrated
intensity,W , assuming the line is optically thin and in local
thermodynamic equilibrium following Olano et al. (1988):
N =
3k2
8pi3hB
1
µ2(Jl + 1)ν
Tex Jν(Tex) exp(Eu/(kTex))
Jν(Tex)− Jν(Tbg)
W (1)
Here, B = 564.0MHz is the rotational constant
(McCarthy et al. 2000), µ = 4.82 Debye is the dipole mo-
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Figure 4. HC7N 21-20 spectra (black) and Gaussian fits (red) toward the line emission peak of the HC7N clumps identified in Figure
1.
ment, Jl is the lower rotational level, ν is the transition
frequency, and Eu/k = 11.37K is the energy of the upper
level of the transition. Jν(TK) and Jν(Tbg) are the Rayleigh-
Jeans equivalent excitation and background temperatures
(Tbg = 2.73K), where Jν(T ) = hν/k × (exp(hν/kT )−1)
−1.
We set the excitation temperature equal to the kinetic gas
temperature derived from the NH3 (1,1) and (2,2) hyper-
fine line fit analysis. We calculate the formal uncertainty
in W , σW = ∆vres(Nch)
1/2rms, where ∆vres is the spec-
tral resolution in kms−1, Nch is the number of channels in
the integrated area, and rms is the rms noise level. Given
the noise level in the map and using a typical temperature
TK = 11K (the mean kinetic gas temperature traced by
NH3 where HC7N is detected is 10.8 K; see §4), the 3-σ
lower limit in HC7N column density is ∼ 2 × 10
12 cm−2.
The σ values used to calculate this limit do not include the
∼ 10% overall calibration uncertainty, or the uncertainty
introduced by setting Tex = TK . We expect Tex = TK is
a good assumption, however, as HC7N should thermalize
rapidly at densities n > 103 cm−3 due to its large collisional
cross section (see §4.1). A decrease in Tex of 2K from the
mean TK value would increase the resulting column density
by only 5%. Alternatively, HC7N may be excited in gas that
is warmer than that traced by NH3. Increasing the excita-
tion temperature by 2− 4 K, however, results in a decrease
in N(HC7N) of only 3− 4 %.
Where detected, we find typical HC7N column densi-
ties N(HC7N) ∼ 3 − 6 × 10
12 cm−2 outside of the main
north-south filament, where N(HC7N) ∼ 1− 3× 10
13 cm−2
in clumps 1a and 1b. The larger column density peaks in
1a and 1b are similar to those found in TMC-1, where
large cyanopolyynes were first detected in star-forming re-
gions (Kroto et al. 1978). The lower range of column den-
sities is similar to values found in low-mass starless and
protostellar cores where HC7N has been detected previ-
ously. For example, Cordiner et al. (2011) find N(HC7N) =
1.9 ± 0.1 × 1012 cm−2 toward the starless core L1512, and
N(HC7N) = 4.7 ± 0.4 × 10
12 cm−2 toward a location 40′′
offset from the L1251A IRS3 Class 0 protostar.
3.3 Abundances
We calculate the abundance along the line-of-sight of NH3
and HC7N relative to H2 by determining the H2 column
density from 1.1mm thermal continuum data observed to-
ward Serpens South with the 144-pixel bolometer camera
AzTEC on the Atacama Submillimeter Telescope Exper-
iment (ASTE; Gutermuth et al., in prep). The AzTEC
data, which have also been presented in Nakamura et al.
(2011), Sugitani et al. (2011), and Kirk et al. (2013), are
well-matched in angular resolution with the GBT data
(28′′ FWHM vs. 32′′ FWHM). The AzTEC map covers a
c© 0000 RAS, MNRAS 000, 000–000
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Table 3. HC7N Clump Properties
Clump ID vLSR ∆v TMB σNT
a N(HC7N) X(HC7N)b [NH3] / [HC7N]
km s−1 km s−1 K km s−1 ×1012 cm−2 ×10−10 cm−2
1a 7.36 (0.25) 0.57 (0.15) 0.64 (0.48) 0.24 (0.07) 8.9 (6.4) 3.2 (2.6) 176 ( 107)
1b 7.32 (0.11) 0.58 (0.13) 0.53 (0.36) 0.25 (0.05) 6.6 (3.6) 0.9 (0.4) 283 ( 111)
2 7.01 (0.02) 0.18 (0.06) 0.59 (0.25) 0.08 (0.02) 4.6 (1.5) 3.1 (0.8) 69 ( 41)
3a 6.66 (0.20) 0.55 (0.14) 0.47 (0.18) 0.23 (0.06) 5.6 (2.2) · · · 77 ( 32)
3b 6.86 (0.07) 0.52 (0.07) 0.47 (0.14) 0.22 (0.03) 4.4 (1.5) · · · 159 ( 387)
4a 7.05 (0.08) 0.43 (0.07) 0.39 (0.15) 0.18 (0.03) 3.9 (1.0) 7.4 (3.1) 75 ( 60)
4b 7.22 (0.04) 0.35 (0.07) 0.41 (0.14) 0.15 (0.03) 3.4 (1.1) 4.0 (3.2) 79 ( 59)
5 7.40 (0.17) 0.57 (0.13) 0.36 (0.13) 0.24 (0.06) 3.9 (1.2) · · · 152 ( 65)
6 7.04 (0.06) 0.46 (0.19) 0.29 (0.05) 0.19 (0.08) 4.3 (1.2) 3.5 (3.2) 207 ( 71)
7a 6.76 (0.10) 0.52 (0.38) 0.26 (0.07) 0.22 (0.16) 4.5 (0.7) 1.4 (0.3) 283 ( 37)
7b 6.87 (0.59) 0.61 (0.19) 0.27 (0.04) 0.26 (0.08) 4.0 (1.1) 0.8 (0.3) 736 ( 201)
SSC 6.84 (0.11) 0.63 (0.30) 0.18 (0.03) 0.27 (0.13) 3.1 (0.4) 0.5 (0.1) 557 ( 130)
a Non-thermal line widths are derived assuming a gas temperature equal to the kinetic temperature derived from NH3 hfs fitting.
b HC7N abundances are derived as N(HC7N)/N(H2), where N(H2) is determined from 1.1 mm continuum emission (Gutermuth et al.
in prep). Several HC7N clumps are outside the boundaries of the millimeter continuum map.
slightly smaller region than the GBT observations, so we
are not able to determine the H2 column density toward
the HC7N clumps 3a, 3b, and 6. We derive N(H2) fol-
lowing the standard modified blackbody analysis, N(H2) =
Sν/(ΩmµmHκνBν(Td)), where Sν is the continuum flux den-
sity, Ωm is the beam solid angle, µ = 2.33 is the mean
molecular weight, mH is the mass of hydrogen, κν is the
dust opacity per unit mass, and Bν(Td) is the Planck func-
tion at the dust temperature Td. We set the dust opacity
at 1.1mm, κ1.1mm = 0.0114 cm
2 g−1, interpolated from the
Ossenkopf & Henning (1994) dust model for grains with co-
agulated ice mantles (Schnee et al. 2009). We set the dust
temperature equal to the kinetic gas temperature as deter-
mined by NH3. In general, we expect this second assumption
to introduce little error, since the dust and gas are likely cou-
pled at the densities typical of the Serpens South filaments
(Goldsmith 2001).
The distribution and locations of peak HC7N emis-
sion are frequently offset from peaks in the NH3 emis-
sion, and also from peaks in the (sub)millimeter continuum
emission. Table 3 gives the mean and standard deviation
of the [NH3] / [HC7N] ratio for each HC7N clump. Sev-
eral clumps show mean [NH3] / [HC7N] ∼ 70 − 90, specif-
ically HC7N clump 2, as well as clumps 3a, 3b, 4a, and
4b, which lie together to the west of the main SSC fila-
ment. The rest have mean [NH3] / [HC7N] ∼ 200 − 300,
apart from the 7b clump, which has the highest detected
NH3 abundance relative to HC7N (mean [NH3] / [HC7N] =
741). In most of the HC7N clumps, the relative abun-
dance of NH3 to HC7N is similar to or lower than that
seen toward other star-forming regions with HC7N and
NH3 detections. In other regions, Cernicharo et al. (1986)
find [NH3] / [HC7N] = 132 toward L1495, while the col-
umn densities reported by Hirota & Yamamoto (2006, ; col-
lected from results of largely single-point observations by
Cernicharo et al. (1986); Hirota et al. (2004); Suzuki et al.
(1992)) give [NH3] / [HC7N] values of 106, 52, and 14 to-
ward L492, L1521B, and TMC-1, respectively. As discussed
earlier, the peak locations of HC7N and NH3 are offset
toward TMC-1, and Olano et al. (1988) find a range of
[NH3] / [HC7N] values between 26 and & 200 using maps
of both species.
4 DISCUSSION
4.1 HC7N and NH3 chemistry
The HC7N J = 21 − 20 and NH3 (J,K) = (1, 1) inver-
sion transitions are excited in similar conditions. The crit-
ical density of the HC7N transition, where collisional de-
excitation rates are equal to radiative de-excitation rates,
is given by ncr = Aul/(v σ). Here, Aul is the spontaneous
emission coefficient, σ is the collisional cross section, and v
is the average velocity of the collision partners (H2 and He).
For HC7N J = 21− 20, Aul ∼ 1.6× 10
−6 s−1 (Olano et al.
1988). The collisional cross section of HC7N is expected
to be large, and has been estimated by scaling the cross-
section for HC3N by the ratio of the HC7N/HC3N linear
lengths, giving σ = 1.6 × 10−14 cm2 with an uncertainty
of ∼ 25 % (Bujarrabal et al. 1981). Setting v =
√
kT/m,
where T = 11 K and m = 2.33 mH, we find the resulting
HC7N critical density ncr ∼ 5× 10
3 cm−3. For NH3 (1,1),
ncr = 3.9 × 10
3 cm−3 (Maret et al. 2009). Given the simi-
larity of the critical densities and the rest frequencies of the
HC7N and NH3 transitions, the excitation curves of the two
transitions as a function of gas density, Tex vs. n, also agree
well.
In most regions in Serpens South, we find that the
HC7N emission peaks are offset from peaks in the NH3 in-
tegrated intensity and millimeter continuum emission (see
Figures 2 and 3). Furthermore, Figure 5 shows that NH3
and HC7N show different distributions with gas tempera-
ture (a) and with H2 column density (b). HC7N is pref-
erentially present toward cold locations in Serpens South,
whereas NH3 is also excited in warmer regions. In addition,
HC7N emission is not detected over a smooth distribution of
H2 column density, in contrast to NH3. Instead, the HC7N
detections are relatively overdense at both low and high col-
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Figure 5. a) Normalized histogram showing the gas temperature distribution where HC7N (red) and NH3 (black) are detected in Serpens
South. Although both distributions peak at TK ∼ 10.8K, HC7N is almost entirely found at low temperatures (mean TK = 10.8K,
σT = 0.6K), with the exception of a few warmer points associated with the SSC HC7N clump. In contrast, NH3 also traces warmer
material (mean TK = 11.3K, σT = 1.3K). b) Normalized histogram showing the H2 column density distribution where HC7N (red) and
NH3 (black) are detected in Serpens South. Note in both panels that some HC7N emission contours extend beyond the regions where
TK or N(H2) are fit well. In a), these points are most likely at low TK ; in b), these points are most likely at low N(H2).
umn density (although the distribution is not bimodal). Dif-
ferences in the observed distribution of the molecular line
emission must therefore be explained through chemistry or
dynamics in the cloud. In this sub-section, we discuss the
chemical formation and destruction pathways, and relevant
timescales, for NH3 and HC7N.
Since the HC7N emission is likely optically thin, in
general the locations of greatest HC7N abundance are also
likely offset from the NH3 and continuum peaks. We show
in Figure 6 the distribution of [NH3] / [HC7N] relative to
N(H2), colored by HC7N clump (omitting those clumps
outside of the millimeter continuum map). We find that
the NH3 to HC7N abundance increases with N(H2), al-
though the scatter in this trend is large. The span in rela-
tive NH3 /HC7N abundance is a factor of ∼ 35, while the
span in H2 column density is a factor of ∼ 12. In particular,
HC7N clump 1a spans most of the values observed in both
[NH3] / [HC7N] and N(H2), while the other HC7N clumps
show less variation in both values. HC7N clump 4, which
lies within a narrow, low column density filament seen in
continuum emission, has both the lowest H2 column density
(where we are able to measure) and lowest mean ratio of
[NH3]/[HC7N].
The distribution of HC7N and NH3 in Serpens South
can be explained through simple chemical models of cold,
dense gas, assuming that regions of higher H2 column den-
sity also track greater gas volume densities. Since the forma-
tion of NH3 is limited by neutral-neutral reactions, it has a
long formation timescale at a given gas density. In contrast,
chemical models show that long carbon-chain molecules like
HC7N are produced rapidly in cold, dark clouds through
ion-neutral and neutral-neutral reactions, but high abun-
dances of these species are only found well before the models
reach a steady-state chemical equilibrium (Herbst & Leung
1989). At densities n ∼ 104 cm−3 and temperatures T ∼
10 K, HC7N peaks in abundance, and then rapidly becomes
less abundant due to chemical reactions after t ∼ 105 yr
(Walsh et al. 2009). The trend in the relative abundances
of NH3 and HC7N is shown in Figure 7, where we plot the
results of the simple ‘dark cloud’ chemical model (T = 10 K,
n = 104 cm−3) of McElroy et al. (2013) for [NH3]/[HC7N]
as a function of time (black points). As HC7N forms more
quickly at early times, the [NH3]/[HC7N] abundance ratio
reaches a minimum at t < 105 yr, but rapidly increases at
t > 105 yr as NH3 continues to grow in abundance while
HC7N is depleted. Overlaid on the Figure are the mean
[NH3]/[HC7N] values for each HC7N clump, which cluster
toward values consistent with t . 2× 105 yr.
Some models suggest that a second cyanopolyyne abun-
dance peak may occur at later times in the evolution of a
star-forming cloud, as elements start to deplete from the
gas phase through ’freezing out’ onto dust grains. Specif-
ically, the depletion of gas-phase O, which reacts destruc-
tively with carbon-chain molecules, is the main cause of this
second, ’freeze out’ peak (Brown & Charnley 1990). In Ser-
pens South, however, the observed distribution of HC7N rel-
ative to the dust continuum and NH3 emission, along with
the kinematics discussed above, suggests that the HC7N is
tracing material that has only recently reached sufficient
density for the species to form.
One possible exception to this interpretation is the
HC7N SSC clump, which is co-located with the central clus-
ter, although offset to the north-west from both the contin-
uum and NH3 emission peaks associated with the cluster
(see Figure 3). Given the large surface density of young stars
in the cluster core, we may expect the core chemistry to be
similar to that found in ’hot corinos’, the low-mass ana-
log of hot cores around high mass stars (Ceccarelli 2005).
In these regions, many complex organic species are found,
and chemical models suggest long-chain cyanopolyynes like
HC5N and HC7N may again become abundant in the gas
phase for short times (Chapman et al. 2009). While the ki-
netic gas temperature traced by NH3 is warmer than in
the filaments, it is not sufficient (TK ∼ 15.5 K toward the
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Figure 6. Ratio of NH3 to HC7N column density as a function of
N(H2). Points show 13′′ pixels and are colored to show individual
HC7N clumps. Some HC7N clumps (3a, 3b, 6) are outside of
the 1.1 mm map and do not have N(H2) measurements. The
abundance ratio of NH3 relative to HC7N varies by nearly two
orders of magnitude over more than one order of magnitude range
in N(H2). The HC7N 1a and 1b clumps, in particular, span most
of the observed values, while other clumps are more localized in
[NH3]/[HC7N] - N(H2) space.
HC7N detection) to remove substantial amounts of molec-
ular species from dust grain mantles as expected in a hot
molecular core. The NH3 analysis gives a mean tempera-
ture along the line-of-sight, however, and gas temperatures
may indeed be greater in the cluster interior. Alternatively,
comparison of the location of the HC7N emission relative
to the protostars identified in the SSC shows that even in
this cluster, only a few YSOs have been identified near the
edges of the HC7N SSC integrated intensity contour, with
none toward the HC7N emission peak (Gutermuth et al., in
prep). This suggests that even at the cluster centre, HC7N is
only abundant where stars have yet to form, and may again
highlight chemically younger material in the central region
as in the rest of the region.
4.2 Kinematics of NH3 and HC7N
4.2.1 Differences in line centroids and non-thermal line
widths
In general, NH3 and HC7N show similar LOS velocities
where detected along the same line-of-sight, as shown in Fig-
ure 8, where a comparison of NH3 and HC7N line centroids
largely falls along the line of unity (shown as a solid grey
line in the Figure). As a guide, the dashed lines show the 1-1
relationship, plus or minus the mean uncertainty in the line
centroid from the Gaussian fits to the HC7N lines for the
data points plotted. NH3 line centroids are determined to
up to a factor of ∼ 10 better accuracy due to the simultane-
ous fitting of 18 hyperfine components in the NH3 (1,1) line.
We note, however, that Figure 8 shows intriguing variations
in vLSR between HC7N and NH3 in some regions. One such
region is the ridge immediately north of the central cluster,
which is aligned north-south. Figure 8 b) shows that the
HC7N line centroids are both red- and blue-shifted around
the NH3 values. In this region, the best agreement between
the line centroids is found at the greatest vLSR values. Simi-
lar shifts, but with smaller magnitudes, are seen toward the
region containing HC7N peaks 3a, 3b, 4a, and 4b, shown in
Figure 8c.
In Figure 9, we show the kinematics traced by NH3 and
HC7N toward the HC7N 1a and 1b clumps along the axis
of the filamentary-like structure traced by the continuum
emission in this region. Figure 9a shows the difference in line
centroid between HC7N and NH3, vLSR, HC7N − vLSR, NH3 ,
toward 1a and 1b. The black vertical line shows the axis
along which the difference in line centroid (b), difference in
non-thermal line width (c), and column densities of HC7N
and H2 (d) are plotted, where the plotted points and error
bars are the mean and standard deviation of the data in
R.A. strips at constant declination. In Figures 9b, c, and
d, we also show the declination of the continuum peak as
a dashed grey line. The variation in line centroid between
NH3 and HC7N is seen clearly, with HC7N tracing gas at
higher velocity than NH3 toward 1a, to HC7N tracing gas
at lower velocity than NH3 toward 1b, and a region in the
centre (which is not aligned with the continuum peak) where
the line centroids agree within the standard deviation.
Figure 9c also shows that over much of the north-south
ridge, the non-thermal line-widths traced by HC7N are sig-
nificantly greater than those traced by NH3, if we assume
equal kinetic temperatures for both species. If we instead de-
termine the temperature required to ensure the non-thermal
motions traced by HC7N are equal to that of NH3, the re-
sulting temperature for HC7N is ∼ 60K. Given the similar-
ity in critical densities between the HC7N and NH3 lines
and the lack of strong, nearby heating sources, this large
variation in gas temperature between the species is highly
unlikely. In addition, as discussed in §4.1, Figure 5 shows
that HC7N is found primarily toward the colder regions in
Serpens South, as traced by NH3, and little HC7N emission
is seen toward warmer regions. We can thus confidently at-
tribute the difference in non-thermal line width magnitudes
to variations in the gas motions each species is tracing.
We show in Figure 10 histograms of the difference in
magnitude between HC7N and NH3 line centroids (a), and
non-thermal line widths (b), for all regions where both NH3
and HC7N are detected (black line). For both plots, the grey
hatched histogram shows the distributions for the HC7N
1a and 1b clumps only, while the red hatched histogram
shows the distributions for all other clumps. Note that we
are able to derive vLSR toward a greater number of points
than σNT , which requires an accurate temperature mea-
surement. Over all the HC7N clumps, the distribution of
the centroid velocity difference between HC7N and NH3 is
consistent statistically with being a Gaussian centered at
∆vLSR = 0 kms
−1. Fitting the distribution for 1a and 1b
separately, we find a small shift in the best-fit Gaussian
centre, with ∆vLSR = 0.02 km s
−1. There is a larger change,
however, in the Gaussian width of the HC7N and NH3 cen-
troid differences between the 1a/1b clumps and all other re-
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Figure 7. Left: Black points show predictions from the ‘dark cloud’ chemical model (n = 104 cm−3, T = 10K, Av = 10) by McElroy et al.
(2013, RATE12) for the [NH3]/[HC7N] ratio as a function of time. Coloured lines show the mean values for individual HC7N clumps in
Serpens South, with colors matched to those in Figure 6. Right: Same points as at left, with the red line showing the mean value for HC7N
clump 1a only. Dashed red lines show the standard deviation around the mean. In this region, the minimum ratio [NH3]/[HC7N] ∼ 30
(see Figure 13).
gions, where we find a Gaussian width of 0.16 kms−1 toward
1a and 1b, but only 0.09 kms−1 toward the rest of the HC7N
detections. The thermal sound speed, σth = 0.20 km s
−1 for
a gas temperature of 11 K. In general, then, the relative ve-
locities of the two species are therefore subsonic over all the
HC7N cores, but toward the 1a and 1b cores we see some
regions with transsonic variation between the gas velocities
traced by HC7N and NH3.
In contrast to the vLSR results, Figure 10b shows that
the difference in non-thermal line widths between the HC7N
and NH3 emission is not Gaussian for the HC7N 1a and 1b
clumps. In clumps 1a and 1b, the first, smaller peak is cen-
tered at ∼ 0 kms−1, which we can see from Figure 9b is lo-
calized near the HC7N 1b and continuum peaks. A second,
larger peak is seen at σNT, HC7N − σNT, NH3 ∼ 0.07 kms
−1.
For the rest of the clumps, the distribution of the differ-
ence in non-thermal line widths is significantly different (red
hatched histogram). Here, the distribution of the difference
in non-thermal line widths is approximately centered at zero,
but with a large standard deviation relative to the results in
1a and 1b. The systematic increase in HC7N non-thermal
line widths over NH3 is thus localized to the HC7N 1a and
1b region.
Given the differences seen in line centroids and, in some
cases, non-thermal line widths between HC7N and NH3, we
conclude that the two species are not tracing the same ma-
terial within Serpens South. In the case of HC7N clumps
1a and 1b, the transsonic line widths of the HC7N emission
suggests it is being emitted in gas that, while still dense,
is more strongly influenced by non-thermal motions than
traced by NH3. It is possible that HC7N is simply tracing
more turbulent gas in the outer layers of the filament as-
sociated with 1a and 1b, but alternatively, the non-thermal
motions in the HC7N emission may be dominated by co-
herent motions, such as infall. If the two species are indeed
tracing different material, then abundance variations in the
gas are likely present along the line of sight that are not
captured by our average abundance calculations above. The
mostly likely effect, given the rapid decline in HC7N abun-
dance and slow growth of NH3 abundance at high densities,
is that [NH3]/[HC7N] is smallest in the outer, lower density
layers around the filaments and cores, but we are unable to
probe this further with the data presented here. In addi-
tion, the gas temperature where HC7N is emitted may be
different than that traced by NH3. As discussed previously,
however, a small change in Tex will have only a small im-
pact on the HC7N column density, as well as on the derived
non-thermal line widths.
4.2.2 HC7N velocity gradients
As Figures 2 and 3 show, most HC7N emission peaks in
Serpens South are offset from continuum emission peaks.
HC7N clump 2 is an exception, as the HC7N emission con-
tours follow closely a small enhancement in the dust contin-
uum emission along a narrow filament extending to the east.
Similar patterns of emission from molecular species known
to deplete in dense gas, such as CS, have been previously ex-
plained as the result of inhomogenous contraction of dense
clumps and cores when the emission was correlated with
inward motions (Tafalla et al. 2004). Here, we look at the
variation in the HC7N line centroids to investigate whether
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Figure 8. Top left: Comparison of NH3 and HC7N line centroids (vLSR ) for all pixels detected in both NH3 and HC7N above the
4-σ level. Points show 13′′ pixels. The solid grey line shows equality, while the dashed lines show the 1-1 relationship, plus or minus
the mean uncertainty in the line centroid from the Gaussian fits to the HC7N lines for the data points plotted. NH3 line centroids are
determined to up to a factor of ∼ 10 better accuracy due to the simultaneous fitting of 18 hyperfine components in the NH3 (1,1) line.
While the line centroids agree on average, significant deviations are seen toward multiple regions. Top right: As in top left but limited
to HC7N clumps 1a and 1b as labeled in Figure 1. Bottom left: As in top left but limited to HC7N clumps 3a, 3b, 4a, and 4b. Bottom
right: As in top left but limited to HC7N clump 2.
the HC7N distribution might arise from a similar process.
In Figure 11, we show maps of the HC7N line centroid to-
ward all the HC7N clumps. In regions where the HC7N lines
could be fit over multiple beams, including HC7N clumps
1a, 1b, 3a, 3b, 4a, 4b, and 5, smooth gradients in vLSR are
apparent.
We determine the pixel-to-pixel gradient in vLSR using
the immediately adjacent pixels in the x- and y-directions
(i.e., in R.A. and Decl.), and determine an overall gradi-
ent magnitude and direction for each pixel. Toward HC7N
clumps 1a and 1b, Figure 11 shows that the vLSR gradients
point toward the continuum emission peak along the long
axis of the filament. This behavior can be seen more clearly
in Figure 13a, which shows a map of the LOS velocity gradi-
ent at each pixel, omitting any pixels immediately adjacent
to those masked based on low SNR. The arrows are scaled
in length in units of km s−1 pc−1, given that each pixel is
13′′, or 0.016 pc at 260 pc. Typical uncertainties per pixel
are ∼ 0.5−0.8 km s−1 pc−1 in magnitude, and ∼ 20◦ in an-
gle where gradient magnitudes are & 1 km s−1 pc−1 (where
gradient magnitudes are smaller, the gradient angle quickly
becomes very uncertain). In 1b, the overall gradient is to-
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Figure 9. a) Map of the difference in vLSR , vLSR,NH3 - vLSR,HC7N, between NH3 and HC7N toward the dense filament with HC7N
peaks labeled 1a and 1b on Figure 1. White contours show integrated HC7N intensity as in Figure 1. Grey contours show the integrated
NH3 (1,1) intensity. b) vLSR derived from fits of NH3 (blue symbols) and HC7N (red symbols) along the axis shown in black in panel
a). Error bars show the 1− σ spread in values along the perpendicular (R.A.) axis where spectra meet the S/N limit. In this panel and
panels c) and d), points are spaced by 13′′. c) The non-thermal line width, σNT , for NH3 (blue symbols) and HC7N (red symbols)
along the axis shown in black in panel a). The non-thermal line width was calculated by assuming the temperature for both species is
the NH3-derived kinetic temperature, TK , at each pixel. Error bars show the 1− σ spread in values along the perpendicular (R.A.) axis
where spectra meet the S/N limit. Toward HC7N peak 1b, the non-thermal line widths of both HC7N and NH3 are equal, but HC7N
traces larger non-thermal motions toward HC7N peak 1a. d) HC7N (black points) and H2 (grey points) column densities along the
axis shown in black in panel a). The x-axes have been scaled to show the same absolute range in column density for each species. Error
bars show the 1− σ spread in values along the perpendicular (R.A.) axis where spectra meet the S/N limit. Dashed grey lines show the
location of the N(H2) peak.
ward the continuum peak from the south- south-east, with
a mean magnitude of 2.3 ± 0.9 kms−1 pc−1 and position
angle (PA) of 289± 46◦ (east of north). In 1a, there isn’t a
single overall gradient, but the Figure instead shows coher-
ent gradients from the east, north and west at the northern
end of the clump, toward the continuum ridge. Of these, the
west-to-east gradient at the filament’s north-west edge is the
greatest in magnitude, and follows a bend in the larger-scale
filamentary structure in Serpens South traced by the contin-
uum emission. Additionally, a gradient across the filament
from west to east is clearly seen south of the HC7N emission
peak. The mean clump gradient is dominated by the west-
east motions, with a magnitude of 3.0 ± 0.9 km s−1 pc−1
with PA = 92 ± 30◦. Figure 13b shows the relative abun-
dance of NH3 to HC7N over the same region, showing that
the overall velocity gradients point toward the HC7N abun-
dance peaks (or minima in [NH3]/[HC7N], as plotted). The
HC7N distribution and observed velocity gradients thus sug-
gest that new material is flowing along the larger-scale fila-
ment seen in infrared absorption and dust continuum emis-
sion, toward the dense region containing HC7N clumps 1a
and 1b.
Where they are well-determined (see Figure 11), the ve-
locity gradients are remarkably smooth in the other regions,
but most do not show similar patterns relative to the dust
continuum as seen toward 1a and 1b. Toward 3a, 3b, 4a, and
4b, the HC7N emission is largely offset from the continuum
and NH3 emission, and the velocity gradients traced by the
HC7N line centroid point away from the continuum, along
position angles between 40◦ to 60◦ for 4a, 3a, and 3b, and
110◦ for 4b, with mean magnitudes of 1-4 km s−1 pc−1. A
comparison of Figures 3 and 11 shows that the HC7N ve-
locity gradients in clumps 3a and 3b are directed toward
the peak NH3 emission, however, which is offset from the
continuum peak. The velocity gradient toward HC7N clump
5 matches approximately the elongation of the clump with
PA ∼ 240◦ and a magnitude of 1.2 km s−1 pc−1. The PA
of this gradient is approximately 30◦ offset from the PA of
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Figure 10. Histogram of the difference in a) vLSR , and b) non-thermal line widths, σNT , between HC7N and NH3 toward all regions
where both HC7N and NH3 are detected above the S/N thresholds (black lines), toward the HC7N clumps 1a and 1b only (grey hashed
region), and toward all other clumps (red hashed region). Bins are 0.025 km s−1 and 0.02 km s−1, respectively. The distributions of the
difference in line centroids are consistent with Gaussian distributions for all regions together, as well as when separated into the clumps
as described above, but the Gaussian width is substantially larger for clumps 1a and 1b. In contrast, the non-thermal line width difference
plot shows a maximum at ∼ 0.07 km s−1 for all clumps, but the Figure shows this result is dominated by the 1a and 1b clumps, while
the other regions show a more smooth distribution between ∼ ±0.2 km s−1. Toward HC7N clumps 1a and 1b, Figure 9 shows that equal
non-thermal line widths between HC7N and NH3 (where a small secondary peak in the distribution can be seen) are localized to the
continuum peak just north of the HC7N 1b clump.
the elongated continuum associated with the HC7N clump.
Similarly to clumps 1a and 1b, the gradient points toward
the HC7N abundance peak.
4.3 HC7N clumps 1a and 1b: Tracing infalling
motions
4.3.1 Stability of the filament
Toward clumps 1a and 1b, the spatial distribution of HC7N,
the difference in non-thermal line widths between HC7N and
NH3, and the velocity gradients seen in the HC7N emission
may be explained by a pattern of infall of material onto the
filament, both along the line of sight and in the plane of the
sky. We now examine the stability of the filament containing
clumps 1a and 1b to test this possibility.
We approximate the continuum feature bracketed by
HC7N clumps 1a and 1b as an isothermal cylinder, and as-
sume the axis of the cylinder to be in the plane of the sky.
The continuum emission is elongated, with a long axis length
of ∼ 3′ (0.23 pc at d = 260 pc) and an average width of ∼ 1′
(∼ 0.08 pc), giving an aspect ratio of ∼ 3. This area encloses
a region where column densities N(H2) & 5 × 10
22 cm−2,
or half the maximum column density in the filament. For
an isothermal cylinder, the radius containing half its mass
is similar to the Jeans length at the cylinder central axis
(Ostriker 1964), which ranges from 0.13 pc at a density
n = 104 cm−3 to 0.04 pc at n = 105 cm−3 at T = 11 K,
in broad agreement with the width used. The additional
structure in the continuum near the filament makes a more
rigorous fitting of the feature difficult. We also note that the
HC7N emission extends ∼ 1.5
′ beyond the continuum along
the north-south axis, while retaining a similar width, for an
aspect ratio closer to 4.
We estimate the filament mass by summing the H2 col-
umn density over a length of 3′ in Dec., to a distance from
the continuum emission peak at each decl. of 0.5′ along the
R.A. axis. We find a total mass M ∼ 31M⊙, and there-
fore a mass per unit length, M/L ∼ 134M⊙ pc
−1. At den-
sities of n = 104 cm−3 to n = 105 cm−3 and temperatures
T = 11 K, the Jeans mass is ∼ 6 M⊙ to 2 M⊙ (Spitzer
1978). The calculated mass therefore suggests that the fila-
ment should be highly unstable to any density perturbations
and consequent fragmentation.
Assuming no additional support, the maximum M/L
for an infinite, isothermal cylinder in equilibrium is
(M/L)crit = 2kT/(µmHG) (Ostriker 1964). At T = 11 K,
this gives (M/L)crit = 18M⊙ pc
−1, a factor > 7 less than
the observed M/L ratio. Both NH3 and HC7N line widths
exhibit significant contributions from non-thermal motions,
with mean velocity dispersions σ ∼ 0.2 − 0.25 kms−1. If
the non-thermal motions provide support to the filament
(i.e. they are not indicative of systematic motions such as
infall or outflow), then the adjusted critical line mass is
(M/L)crit = 2σ
2/G ∼ 29 M⊙ pc
−1, or slightly greater than
one fifth of the observed M/L ratio.
The filament is likely not oriented with the cylinder
axis exactly in the plane of the sky. If, instead, the axis is
oriented at some angle θ from the plane of the sky, then
the true length L′ = L/cos θ and the mass per unit length
M/L′ = (M/L) × cos θ ∼ 134 cos θ M⊙ pc
−1. Using the
thermal stability criterion, the angle θ must be greater than
∼ 78◦ for M/L′ 6 (M/L)crit to render the filament unsta-
ble. This requires the true filament length L′ ∼ 1.1 pc, which
is large relative to the approximate full extent of the Serpens
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Figure 11. HC7N line centroid (colour scale) toward seven HC7N clumps identified in Figure 1. We omit HC7N clump 2 in the Figure,
since the line centroids span an extremely narrow window in velocity (∼ 0.05 km s−1). Overlaid are 500 µm continuum (grey contours)
and HC7N integrated intensity contours (black) as in Figure 2. The 32′′ FWHM GBT beam at 23 GHz is shown by the hashed circle
in each subplot. The Herschel beam at 500 µm is 36′′.
South complex (in projection, ∼ 2.5 pc measuring along the
longest continuous filamentary features). We thus consider
this extreme orientation unlikely. In addition, assuming a
greater distance of 415 pc to Serpens South (rather than
260 pc), as described in §1, would increase the total mass
in the filament by a factor of 2.5, and the M/L ratio by
a factor of 1.6, further bolstering the argument that this
feature is unstable. While the unknown orientation of the
filament therefore adds uncertainty to the true (M/L) ra-
tio, this analysis shows that the filament is almost certainly
unstable to both radial collapse and fragmentation.
4.3.2 Radial infall
Given the likely unstable state of the filament, we may ex-
pect to see evidence for infall or collapse in the observed
gas kinematics. Infall motions in molecular cloud cores are
often identified by blue-asymmetric line profiles in optically
thick molecular emission lines, where the increasing excita-
tion temperature of the gas toward the core centre results
in stronger emission from blue-shifted gas relative to the
observer, while self-absorption creates a central dip in the
spectral line (e.g., Snell & Loren 1977; Zhou 1992; Myers
2005; De Vries & Myers 2005). Since the HC7N emission is
likely optically thin, we do not see these asymmetric line
profiles. Observations of HNC J = 1− 0 emission, however,
obtained with the ATNF Mopra telescope (H. Kirk, private
communication; see Kirk et al. 2013 for details of the obser-
vations and data reduction) show this characteristic line pro-
file. We show in Figure 12 the HNC emission averaged over
the northern filament, revealing a blue-peaked line profile
with a self-absorption minimum that aligns well with the line
centroid for both the optically thin H13CO+ J = 1−0 emis-
sion (shown, same dataset) and NH3 (the mean vLSR over
the filament indicated by the dashed line). Using the ‘Hill5’
core infall model described by De Vries & Myers (2005),
where the gas excitation temperature linearly increases to-
ward the core centre, and each half of the gas is moving to-
ward the other at a fixed velocity, we find an infall velocity
of 0.52 kms−1 (red dashed line in Figure 12). This is simi-
lar to values found through analysis of self-absorbed spectra
toward the filament south of the SSC using the same tracer
(vin = 0.25 km s
−1 and vin = 0.54 km s
−1; Kirk et al.
2013). We note, however, that the averaged spectrum has
a signal-to-noise ratio of ∼ 15, whereas the authors recom-
mend a signal-to-noise ratio of at least 30 for high accuracy
fits to the infall velocity. Nevertheless, the HNC data show
that infall motions are indeed found toward the northern
filament, as we expect based on our stability analysis.
While no asymmetries are seen in the HC7N line pro-
files, infall motions will broaden optically thin emission lines
beyond the thermal width (Myers 2005). Given the strong
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Figure 12. Spectrum of HNC J = 1 − 0 (black) and H13CO+
J = 1 − 0 (grey) averaged over the northern filament (H. Kirk,
private communication; see Kirk et al. 2013). The H13CO+ emis-
sion has been offset by 0.4 K for clarity. The optically thick HNC
emission shows a clear blue asymmetry associated with infall in
dense regions, with a self-absorption dip that coincides with the
peak of the optically thin H13CO+ emission and the mean NH3
(1,1) vLSR (dotted line). Fitting the HNC data with the ‘Hill5’
infall model (red dashed line; De Vries & Myers 2005) gives an
infall velocity of 0.52 km s−1.
argument above that HC7N must be tracing recently-dense
gas, the intriguing consistent increase in the non-thermal
line widths of the HC7N emission over the NH3 emission
may then be explained by systematic infall of the mate-
rial traced by HC7N. Arzoumanian et al. (2013) have shown
that supercritical filaments observed with Herschel tend to
have larger, supersonic velocity dispersions than subcriti-
cal filaments, and suggest that in supercritical filaments,
the large velocity dispersions may be driven by gravita-
tional contraction or accretion. In clumps 1a and 1b, the
0.07 kms−1 difference in non-thermal line width between
NH3 and HC7N may then represent a mean infall speed
of HC7N relative to NH3. This value agrees well with the
speeds inferred through observations of infall motions in low
mass starless and protostellar cores (e.g., Lee et al. 2001;
Williams et al. 2006), and with predictions from the Myers
(2013) model of core formation by filament contraction, but
is significantly lower than suggested by the HNC model-
ing. We note that if a portion of the NH3 non-thermal line
width is also due to infall, then our infall velocity estimate
is a lower limit for the total infall velocity onto the filament.
Additionally, the critical density of the HNC 1-0 line is sig-
nificantly greater (∼ 5×105 cm−3), and thus is likely tracing
infall at higher densities and smaller radii within the fila-
ment. More detailed radiative transfer modelling is needed
to clarify the relationship between the HNC and HC7N line
profiles. Here, we are interested in the accretion of material
onto the filament, and in the following discussion use the
infall speed derived from the HC7N line emission, with the
caveat that it is likely a lower limit to the true infall speed.
We can estimate the mass accretion rate onto the fila-
ment assuming isotropic radial infall with a velocity vin =
0.07 kms−1, giving Macc = vinρ(2pirL). Based on our mass
estimate in the filament, M ∼ 31 M⊙, we find a mean num-
ber density n ∼ 5 × 105 cm−3. HC7N is likely tracing less
dense material, however, for two reasons. First, at such high
densities HC7N is expected to deplete rapidly from the gas,
as we discussed above. Second, we showed in §4.1 that the
critical density of the line is substantially less than this
value (ncr ∼ 5 × 10
3 cm−3). The critical density and the
mean filament density give lower and upper limits on the
density of the gas where HC7N is emitted in the region,
with the true value likely somewhere in between. Assuming,
then, that the density of infalling gas is ∼ 104 cm−3, we
find an accretion rate of ∼ 5 M⊙ Myr
−1 with L = 0.23 pc
and r = 0.08 pc. At n = 5 × 103 cm−3, we find instead
2.4 M⊙ Myr
−1, while at n = 5 × 105 cm−3, the accretion
rate is a massive 170 M⊙ Myr
−1.
4.3.3 Infall in the plane of the sky
Similarly, if we assume the observed HC7N velocity gra-
dients also represent gas flow onto the filament, we can
estimate the accretion rate in the plane of the sky. This
flow could stem from material flowing along the larger
filament toward the continuum peak, but could also be
the result of the ‘edge mode’ of filamentary collapse that
Pon et al. (2011) showed can occur in filaments of finite
length. Pon et al. find that the edges of a finite filament can
collapse on a shorter timescale than the overall gravitational
collapse of an unstable filament, leading to the buildup of
dense material at the filament edge. The relative importance
of this collapse mode over global gravitational collapse de-
pends on the aspect ratio of the filament. Whether the ob-
served gradients are caused by filamentary flow, or by the
gravitational collapse of the filament at its ends, however,
in both scenarios the HC7N emission reveals newly dense
gas accreting onto the filament. The accretion rate along
the filament is then Macc,fil = vposρ(pir
2), where ρ is the
infalling gas density, r is the filament radius as above, and
vpos = ∇v l is the magnitude of the velocity gradient along
a length l of the filament in the plane of the sky.
Here, we look at clumps 1a and 1b separately due to
their different velocity centroid patterns. The mean velocity
gradient of the 1b clump is 2.3 km s−1 pc−1 over ∼ 0.1 pc,
north toward the continuum peak. Using the same numbers
as above for n and r, we find Macc,fil ∼ 3 M⊙ Myr
−1.
While clump 1a shows evidence of flow along the filament
from the north, the mean velocity gradient is dominated
by the west-to-east gradient of 3 kms−1 pc−1, again over
∼ 0.1 pc. Because this flow is along the side of the fila-
ment rather than along it, we instead estimate the accretion
rate as Macc,fil = vposρ(2rL) ∼ 6.5 M⊙ Myr
−1, where L
is the filament length. Again, if the true filament orienta-
tion is at an angle θ from the vertical rather than in the
plane of the sky, then the mass accretion rate will be in-
creased by a factor (cos θ)−1. Combining these estimates
with the accretion rate derived from our radial infall as-
sumption, we estimate the total accretion rate onto the fila-
ment is then ∼ 14 M⊙ Myr
−1, but the uncertainties in this
value are relatively large. Given the filament mass, this ac-
cretion rate is sufficient to form the filament within ∼ 2 Myr.
This is greater by only a factor of ∼ 2 − 3 of the free-fall
collapse timescale of a filament assuming a mean density
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n = 104 cm−3 and an aspect ratio of 3 (Toala´ et al. 2012;
Pon et al. 2012), but is significantly longer than the collapse
timescale at the density n = 5×105 cm−3 determined above
for the filament.
4.3.4 The fate of the filament
We note that, along the line of sight, the direction of the ve-
locity gradients nearest the Serpens South embedded cluster
are away from the cluster. This suggests that the larger fil-
ament that the HC7N is associated with will not contribute
additional material to the ongoing star formation in the SSC.
This result is in contrast with similar analysis of the dense
filament extending to the south of the SSC, where Kirk et al.
(2013) estimate an accretion rate of ∼ 28 M⊙ Myr
−1 onto
the central cluster through analysis of the N2H
+ velocity
gradient along the filament, and a substantial accretion rate
lower limit of ∼ 130 M⊙ Myr
−1 onto the filament itself
through modelling of HNC emission. These accretion rates
are similar to the star formation rate in the cluster centre
(Gutermuth et al. 2008; Maury et al. 2011).
Instead, the already over-dense filament north of the
SSC will likely form an additional embedded cluster, with
the Jeans calculations above suggesting fragmentation scales
of 0.13 pc to 0.04 pc and masses of 6 M⊙ to 2 M⊙. While
the continuum emission is smooth, there is some evidence
for two separate components within the filament in the NH3
channel maps. Over several channel maps at lower vLSR, two
peaks in the NH3 (1,1) emission are seen before the features
merge at higher vLSR, with the brightest emission coincident
with the continuum emission peak. The northern NH3 emis-
sion peak overlaps with HC7N clump 1a. In contrast, how-
ever, both HC7N emission peaks persist as separate emis-
sion features over all velocities where HC7N is detected. The
projected distance between the two NH3 peaks is ∼ 90
′′, or
∼ 0.1 pc, similar to the Jeans length at n = 104 cm−3. In
addition, Bontemps et al. (2010) identify a Class 0 source
coincident with the eastern edge of the continuum feature,
suggesting some fragmentation and local collapse may have
already taken place.
4.4 Other HC7N clumps in Serpens South
Of the HC7N detections in Serpens South, HC7N clump 2
is an interesting anomaly. The clump lies within a faint, nar-
row filament seen in infrared absorption (Figure 1) and in
continuum emission (Figure 2). There is a low-contrast con-
tinuum emission enhancement that aligns well with both the
HC7N emission peak and elongation of the integrated inten-
sity contours, unlike the other HC7N clumps. No embedded
protostars have been identified. Similarly, faint NH3 emis-
sion is also present, but extends further along the continuum
filament in the western direction, and the [NH3]/[HC7N]
abundance ratio is the lowest observed in the region, despite
the colocation of the HC7N, NH3, and continuum emission
(but is similar to those found for 3a, 4a, and 4b). The HC7N
lines of clump 2 are significantly narrower than those seen
toward the other HC7N features (∆v = 0.20± 0.04 kms
−1,
Table 3; also see Figure 4). Observed offsets between the
HC7N and NH3 line centroids are small (Figure 8), and the
two species show equal, subsonic non-thermal line widths
(∼ 0.08 kms−1; see Table 3). The mass derived from the
1.1 mm continuum emission is ∼ 1.6 M⊙ within the ∼ 50
′′
×25′′ (∼ 0.06 pc ×0.03 pc) HC7N contour. These charac-
teristics suggest that the HC7N emission is revealing a very
young starless core that is forming quiescently within a fila-
ment. The model predictions shown in Figure 7 suggest that
the clump ‘age’, defined here as the time since the gas den-
sity reached n ∼ 104 cm−3, is approximately a few ×104 yr
to at most 105 yr.
The detections of HC7N toward other clumps in Ser-
pens South suggests the HC7N emission is highlighting re-
gions where newly-dense gas is accreting onto clumps and
filaments. With the exceptions of clumps 1a, 1b, 7a, and
7b, the HC7N emission is generally associated with rela-
tively low H2 column densities (see Figure 6) and is offset
from continuum features (see Figures 2 and 3). Apart from
clump 2, the HC7N line widths are large, with substantial
non-thermal components given the cold temperatures of the
Serpens South molecular gas. Interestingly, HC7N clumps
7a and 7b are associated with the dense southern filament,
where asymmetric molecular line profiles show the filament
is undergoing substantial ongoing radial infall (Kirk et al.
2013). Given these results and our interpretation of HC7N
emission as tracing newly-dense gas, our detections of HC7N
emission toward the southern filament are expected. We find,
however, that the relative abundances of NH3 to HC7N in
7a and 7b are typically high, with a smaller spread in val-
ues compared with clumps 1a and 1b, and clump 7b shows
the greatest [NH3]/[HC7N] values in the observed region.
Given its likely ongoing infall, this suggests that most of the
gas accreting onto the southern filament is already at higher
densities than the the gas accreting onto the northern fila-
ment.
5 CONCLUSIONS
We have detected abundant HC7N J = 21−20 emission to-
ward multiple locations in the Serpens South cluster-forming
region using the K-Band Focal Plane Array at the Robert C.
Byrd Green Bank Telescope. HC7N is seen primarily toward
cold filamentary structures within the region that have yet
to form stars, largely avoiding the dense gas associated with
small protostellar groups and embedded protostars within
the main central cluster of Serpens South.
We calculate the critical density of the HC7N J =
21−20 line, and find that it is similar to NH3. Furthermore,
the excitation curve (excitation temperature, Tex, vs. den-
sity, n) of the two species agree well with each other, such
that both HC7N and NH3 should be excited in the same
regions if they are both present in significant abundances.
We detect NH3 emission over most of the area mapped
in Serpens South. The greatest NH3 column densities are
found along the infrared-dark filaments, but substantial low
column density NH3 is also present between the filaments.
Given our high sensitivity observations, it is clear that HC7N
can only be present in very low abundances in the gas phase
toward most of the regions where we find NH3. This abun-
dance difference is likely driven by the different chemical
timescales for the formation and destruction of HC7N and
NH3, as discussed in §4.1.
We show that HC7N is not found toward a smooth dis-
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Figure 13. Left: Gradient in line-of-sight velocity (vLSR ) of HC7N emission toward HC7N clumps 1a and 1b. In both figures, grey
contours show the 1.1 mm continuum emission in intervals of 0.2 Jy beam−1. Right: Map of the [NH3]/[HC7N] abundance ratio toward
the same region as at left. The 32′′ FWHM beam is shown by the circle in the lower right.
tribution of H2 column density, in contrast to NH3. Instead,
the HC7N detections are relatively overdense at both low
and high column density (although the distribution is not
bimodal). We suggest that this distribution shows there may
be two separate regimes in Serpens South in which HC7N
remains abundant. First, at low N(H2), where we expect
lower gas densities, HC7N is present in both chemically
and dynamically young regions, such as HC7N clump 2,
and possibly clumps 3a, 3b, 4a, and 4b. In these regions,
we also find very low [NH3]/[HC7N] abundance ratios, sug-
gesting NH3 has not had sufficient time to form in large
abundance, giving a relatively small chemical ‘age’ based
on the model in Figure 7. Second, at intermediate to high
N(H2), where gas densities are higher (and the timescale for
HC7N to deplete from the gas phase is shorter), we argue
that HC7N is abundant in regions that are actively accreting
less-dense material from their surroundings, thereby reset-
ting the timescale for HC7N formation and depletion. This
interpretation is bolstered by the detailed stability analysis
of HC7N clumps 1a and 1b in §4.3, but can also explain the
asymmetric distribution of HC7N emission around contin-
uum and NH3 features in clumps 5, 6, 7a, 7b, and toward
the SSC. Toward clumps 1a and 1b, we find consistent vari-
ations in the line centroids relative to NH3 (1,1) emission,
as well as systematic increases in the HC7N non-thermal
line widths, which we argue reveal infall motions onto dense
filaments within Serpens South with minimum mass accre-
tion rates of M ∼ 2 − 5 M⊙ Myr. Future analysis of the
(sub)millimeter continuum and NH3 emission in Serpens
South will probe the stability of the clumps and filaments
near the other HC7N features.
We showed that the relative abundances of NH3 to
HC7N are similar to previous results where HC7N has been
detected in nearby star-forming regions, where studies have
generally focused on isolated cores in quiescent environ-
ments. It is likely, then, that Serpens South is not particu-
larly remarkable in its abundance of HC7N, but instead the
serendipitous mapping of HC7N simultaneously with NH3
has allowed us to detect HC7N at low abundances in regions
where it otherwise may not have been looked for. Our obser-
vations, as well as previous mapping observations, suggest
that HC7N emission peaks are often offset from both NH3
or continuum emission peaks, although the extended emis-
sion overlaps spatially. Searches for the molecule targeted to
continuum emission ‘clumps’, without mapping of significant
areas, are thus unlikely to have many results. This result ex-
tends the known star-forming regions containing significant
HC7N emission from typically quiescent regions like Taurus
and Auriga to more complex, active environments.
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